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(57) Abstract: The present application relates to 
techniques for detecting if an article has previously 
experienced certain environmental conditions, such 
as temperature, shock, strain, which may be adverse 
to the proper functioning, quality or safety, of the 
article. There is provided a magnetic indicator 
comprising a plurality of magnetic elements (1) 
having remotely detectable properties arranged 
on a substrate (2). The substrate exhibits a known 
response to a predetermined change in one or more 
environmental conditions to which the indicator 
may be subjected, the response being such that the 
remotely detectable properties of at least one of the 
magnetic element(s) is permanently altered., 
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Magnetic Indicator 

The present invention relates to an indicator which can 
be applied or used in conjunction with a wide range of 
5 products or consumer articles and which provides a 
means of remotely detecting if the indicator has. 
previously experienced certain environmental 
conditions , as herein defined, which may be adverse to 
the proper functioning, quality or safety, of an 
10 article to which the indicator may be attached. 

It is common for modern electronic consumer articles to 
be fitted with complex and often delicate components. 

These components can be sensitive to high and low 

15 temperatures and to shock. Examples of such devices are 

the LED displays used in portable electronic components 

such as watches, portable computing equipment and 
mobile phones- 

2 0 In cases where the electronic article fails to 

function, either partially or totally, this failure may 
have been caused by the article previously experiencing 
adverse environmental conditions which are outside an 
acceptable operating/storage range, including: high/low 

25 temperatures and/or shock and/or water or chemical 

contamination. In such circumstances, for example, it 
would be advantageous for a manufacturer, retailer, 
supplier or end user to be able to establish what may 
have caused the failure f and thus where the liability 

30 for the article 1 s malfunction falls, 

There is also a need to ensure that frozen food 
products, such as meat or fish, have not exceeded a 
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given temperature. Furthermore, an ability to determine 
if an article which may comprise, amongst others, a 
food product, confectionary or electronic goods, has 
been exposed to water or water vapour, or contaminated 
5 by a given chemical, would also be desirable. 

It would also be advantageous for the detection of 
adverse environmental conditions previously experienced 
to be ascertained remotely, 

10 

According to the present invention there is provided a 
magnetic indicator comprising a plurality of magnetic 
elements having remotely detectable properties arranged 
on a substrate, wherein the substrate exhibits a known 
15 response to a predetermined change in one or more 

environmental conditions to which the indicator may be 
subjected, the response being such that thes remotely 
detectable properties of at least one of the magnetic 
element (s) is permanently altered. 

20 

Elements that have altered may advantageously produce a 
significantly reduced signal during interrogation of 
the magnetic tag by a suitable interrogation device. It 
therefore becomes possible to ascertain whether the 
2 5 tag, and thus the article to which it is attached, has 
previously been subjected to environmental conditions 
which may be adverse to the proper functioning, quality 
or safety, of an article to which the indicator may be 
attached, 

30 

Preferably, but not essentially, the magnetic 
properties of the magnetic elements are determined by 
subjecting them to a magnetic interrogation field 



BNSDOCID; <WO 030Sfl573AtJ_> 



SUBSTITUTE SHEET (RULE 26) 



BNS oaae 4 



WO 03/058573 PCT/GB02/05805 

3 

comprising, in a given direction, a high saturating 
magnetic field region, contiguous with a zero magnetic 
field region. Relative movement between the 
interrogation field and the magnetic elements of the 
5 indicator means that the elements, which are preferably 
formed of high coercivity, low permeability magnetic 
material (10000 henry per metre) , are driven in and out 
of magnetic saturation. The magnetic permeability of 
the material advantageously exhibits a preferred axis 

10 of magnetisation so that when excited with an ac 
magnetic field parallel to the preferred axis of 
permeability, the magnetic of the material will 
comprise a non-linear function of the interrogation 
field, and will produce harmonics of the exciting field 

15 in regions where there is a zero tangential field. The 
presence of these harmonics will indicate the presence 
of the material so that a response signal can be 
obtained in which there exists a relationship between 
the time domain of the response and the spatial 

20 arrangement of the magnetic elements. 

Advantageously, the magnetic elements are in the form 
of a thin film of less than 1 micron thick and which 
has a typical coercivity of less than 10 Gauss - 

25 

A detailed description of this technology, known as 
"'Flying Null technology" can be found in WO 96/317 90 
the disclosure of which is incorporated herein by way 
of reference thereto. 

30 

Embodiments of the present invention which use tags 
that are based on Flying Null technology, such as those 
described in WO 96/31790, may be interrogated by 
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reading devices which use a magnetic interrogation 
field to which the elements will respond such as those 
described in WO 97/48990, WO 98/15851 and WO 00/39611. 
The disclosures of these documents is incorporated 
5 herein by way of reference thereto. 



In one embodiment the substrate exhibits a temperature 
sensitive response so that when the ambient temperature 
to which the indicator is subjected falls outside (i.e. 

10 above or below) a predetermined range, the temperature 
sensitive response of the substrate causes at least one 
of the magnetic elements to fracture- This effect is 
observed as a result of the expansion/contraction of 
the temperature sensitive substrate in response to 

15 different temperatures. For example, the substrate may 
advantageously be designed so that it will contract 
less than the magnetic element, thereby causing that 
element to fracture. 



20 The indicator of this embodiment may advantageously be 
manufactured so that the substrate is formed from more 
than one carrier material, each material having a 
different temperature sensitive response, so that the 
elements of the tag are mounted on different carrier 

25 materials. In this way, it is possible to determine if 
the indicator has previously experienced temperatures 
outside a number of different levels (e.g. 50C, 100 C} 
since the different materials will require different 
threshold temperatures to be exceeded before the 

30 material will have undergone an expansion sufficient to 
cause the fracturing of the overlaying e lenient (s). 
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It may also be desirable to know when an article has 
been subjected to shocks which exceed certain 
predetermined levels, for example, as a result of the 
article being dropped, since the shock experienced by 
5 an article may have an adverse effect on the proper 
functioning of the article. 



According to a further aspect of the present invention 
the substrate is provided with at least one fault line 
10 underlying one or more of the magnetic elements, such 
that when the indicator is subjected to a shock which 
exceeds a predetermined level, the substrate responds 
by fracturing along the at least one fault line thereby 
causing the one or more magnetic elements to fracture • 

15 

Thus it is possible to determine whether the indicator, 
(and thus any article to which it is attached) , has 
experienced a shock exceeding a specified level. 

20 In a similar way, the magnetic indicator can be 

arranged in proximity to a cap or seal, such that the 
substrate will fracture, thereby causing one or more of 
the overlying elements to fracture when the cap or seal 
is opened- This enables prior unauthorised tampering of 

25 a container or the like to be remotely detected without 
opening the cap or seal. 



In a further embodiment the magnetic elements are 
mounted on a non~planar substrate, so that the elements 
30 are disposed on the substrate at varying angles 
relative to the plane of the substrate. When an 
indicator according to this embodiment is interrogated 
according to Flying Null technology by a magnetic field 
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comprising a high saturating magnetic field region, 
contiguous with a zero magnetic field region, the 
elements will emit a detectable response as they are 
driven in and out of saturation so that there will 
5 exist a relationship between the time domain of the 
response and the spatial arrangement of the magnetic 
elements including the angle of the magnetic elements. 
If the indicator experiences certain environmental 
conditions the profile or shape of the substrate may be 

10 altered, so that the relative positions or angles of 
the elements may be altered. Therefore, when the 
indicator is interrogated, the position at which the 
elements will respond to the interrogation field, and 
thus the time domain of the response, will have changed 

15 thereby enabling adverse conditions previously 

experienced by the indicator, such as shock or strain, 
temperatures outside a certain range or water /chemical 
contamination, to be to be detected. 

20 Preferably, the indicator embodying the present 

invention can also function as an information carrier. 
1 For example, one part of the device may comprise a 

plurality of magnetic elements that are arranged on the 
substrate or carrier such that the spacing between them 

25 is used to represent a code. In this way, the label may 
advantageously be encoded with information about the 
article to which the label is to be attached, e.g. - 
manufacturer, supplier or cost. This can be 
particularly useful for verifying the authenticity of 

30 the article manufacturer, particularly if the 

information code is remains unaffected by changes in 
environmental conditions which may occur. This can be 
achieved by mounting the elements that are to form a 
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code on a part of the substrate which comprises 
material which is not significantly affected by changes 
in, amongst others, the temperature/shock/moisture. The 
magnetic properties of the elements themselves may also 
5 be used as a further means to encode information so 
that some, or all, of the elements has a unique 
attribute . 



According to a further embodiment of the present 
10 invention, there is provided an indicator having a 

substrate which exhibits both a temperature sensitive 
response and which has a fault line. It is possible 
that this combined temperature and shock indicator can 
be augmented with a non-volatile identity {i.e. one 
15 that will not be lost should the indicator be subjected 
to temperatures and/or shock above a certain threshold) 
This non-volatile identity can be advantageously used 
to verify the article's authenticity and/or identity. 

20 In some situations it may be desirable to be able to 
determine if a product, such as a food product or 
electronic article, has been exposed to water or water 
vapour. In an embodiment of the present invention there 
is provided a substrate which is arranged to absorb 

25 water or water vapour, such that the absorption of a 

predetermined amount of water or water vapour causes at 
least one of the magnetic elements to fracture. 



In a further embodiment of the present invention, it is 
30 envisaged that the indicator is provided with a layer 

of material over the surface of the indicator elements. 
The overlaying material is advantageously arranged so 
that it will wear away, for example when exposed to 
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frictional forces , thereby exposing the underlying 
magnetic elements. Once the layer has worn away, the 
magnetic elements will continue to be subjected to any 
frictional forces, so that the response of the 
5 indicator will be substantially reduced. Such an 

embodiment cold be used to provide a remote non-contact 
indicator of tyre wear, for example. 

For a better understanding of the present invention and 
10 to show how the same may be carried into effect, 

reference will now be made, by way of example, to the 
accompanying drawings in which: 

Figures 1A and IB show an indicator embodying the 
15 present invention comprising a substrate having a 
temperature sensitive response; 

Figure 2 shows an indicator embodying the present 
invention comprising a substrate having a fault line; 

20 

Figure 3A and 3B show an indicator embodying the 
present invention having a non-planar substrate; 

Figure 4 shows an indicator having a non-planar 
25 substrate which is interrogated by two readheads . 

Figure 1 shows an indicator embodying the present 
invention and comprises a plurality of magnetic 
elements 1 supported by or incorporated in a substrate 
30 2- The substrate 2 is provided with a carrier material 
3 exhibiting a known temperature sensitive response* As 
the temperature changes from ambient, the elements 4, 
overlying the carrier material 3, will experience a 
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differential contraction or expansion due to the 
contraction or expansion of the underlying carrier 
material. The degree of contraction/expansion 
experienced by each of the elements will depend upon 
5 the properties of carrier material upon which the 

element is provided. If the carrier material undergoes 
a sufficient expansion, the element (s) will fracture, 
as shown in Figure IB, thereby significantly altering 
the magnetic properties of the magnetic elements. 

0 

Elements that have fractured in this way will produce a 
significantly reduced signal during interrogation of 
the indicator by a suitable reading device. It 
therefore becomes possible to ascertain whether the 
5 indicator, and thus the article or product to which the 
indicator may be attached, has previously been 
subjected to temperatures which fall outside a 
specified range. 

0 Figure 2 shows an embodiment of the present invention 
in which the indicator is provided with a substrate 21, 
having a fault line 23 underlying one of the magnetic 
elements 20. When the indicator is subjected to a shock 
which exceeds a predetermined level, the substrate 

5 responds by fracturing along the fault line 23 thereby 
causing the magnetic element 20 to fracture in a 
substantially controlled manner or in the vicinity of 
the fault line. 

0 Figure 3A shows an indicator embodying the present 

invention in which a plurality of magnetic elements 30 
are disposed on a non planar substrate 31, so that the 
elements are disposed on the substrate at varying 
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angles relative to the plane of the substrate. The 
indicator is interrogated by a read head 32 which 
generates a magnetic field comprising a high saturating 
magnetic field region, contiguous with a zero magnetic 
5 field region. When subjected to this magnetic field 
the elements will emit a detectable response as they 
are driven in and out of saturation. There will 
therefore exist a relationship between the time domain 
of the response and the spatial arrangement of the 
10 magnetic elements 30- 



Due to the non -planar shape of the tag, there will be 
an error in the detected position of the magnetic 
element, an effect which can be most easily understood 

15 by reference to Figure 3B which illustrates the flux 

lines 41 being emitted from the magnetic readhead 32. A 
magnetic element will emit a detectable response when 
it is subjected to the null tangential component of the 
magnetic field. This will occur, in the case of an 

20 element 4 0 positioned so that it is perpendicular to 
the flux centre line 44 (i.e. parallel to the pole), 
when the tangential component of the field parallel to 
the element is zero. However, in the case of an element 
41, which is not positioned parallel to the pole, there 

25 will be no response at the flux centre line since the 
component of the field tangential to the element will 
not be zero. Instead, a response is received away from 
the flux centre line at 41a where the flux lines are 
normal to the element (so that the tangential field 

30 along the element will be zero) . Thus, a response is 
detected at 41a, for an element which is actually 
positioned at 41. The error x of the detected position 
will depend on the angle of the element away from 
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parallel . Thus, since the substrate is not flat, the 
angles of the elements relative to the plane of the 
indicator will vary, so that the response signals 
obtained from the elements of the tag will be 
5 different* 

If the indicator experiences certain environmental 
conditions the profile or shape of the substrate may be 
altered, so that the relative positions of the elements 

10 will likewise be altered. Therefore, when the indicator 
is interrogated, the position at which the elements 
will respond to the interrogation field, and thus the 
time domain of the response, will have changed thereby 
enabling adverse conditions previously experienced by 

15 the indicator, such as shock or strain, temperatures 
outside a certain range or water/chemical 
contamination, to be to be detected. 

If two readheads 50 and 51 are used as shown in Figure 
20 4, each having a different magnetic centre line, then 
the estimated positions will be different for each 
reader. For example, the position determined by 
readhead 50 will be A and the position determined by 
readhead 51 will be B. It then becomes possible for the 
25 true position of the element to be determined by 

averaging the two positional estimates. Alternatively, 
the divergence in element positions measured by the two 
readheads can be used to measure the angle of the 
element. If the tag is put under strain the elements 
30 will straighten out, and the angles will change. 

Therefore, in this configuration the tag can be used to 
detect strain. 
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This method of using two readheads, each having a 
different centre line, may advantageously be used in a 
number of other applications which employ magnetic 
identification or coding techniques whereby one or a 
5 plurality of magnetic elements are supported on a 

substrate or article which may not exactly planar, or 
which has some surface discontinuities. The use of two 
readheads to determine the positions of the elements 
{and thus any information encoded by their relative 
10 positions) as described above, enables errors in the 
detected positions of the elements to be compensated 
for. 



15 
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CLAIMS 

1. A magnetic indicator comprising a plurality of 

5 magnetic elements having remotely detectable properties 
arranged on a substrate, wherein the substrate exhibits 
a known response to a predetermined change in one or 
more environmental conditions to which the indicator 
may be subjected, the response being such that the 
10 remotely detectable properties of at least one of the 
magnetic element (s) is altered* 

2. A magnetic indicator as claimed in claim 1, wherein 
the substrate exhibits a temperature sensitive 

15 response. 

3. A magnetic indicator as claimed in claim 2, wherein 
when the ambient temperature to which the indicator is 
subjected falls outside a predetermined range, the 

20 temperature sensitive response of the substrate causes 
at least one of the magnetic elements to fracture. 

4. A magnetic indicator as claimed in claim 2 or 3, 
wherein the substrate comprises more than one material r 

25 each material exhibiting a different temperature 
sensitive response . 

5. A magnetic indicator as claimed in any one of claims 
2 to 4, wherein the indicator is applied to, or to the 

30 packaging of, a product such that the exposure of the 
product to temperatures which may have an adverse 
effect on the quality of that product, can be 
identified. 
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6- A magnetic indicator as claimed in any preceding 
claim, wherein the substrate is provided with at least 
5 one fault line underlying one or more of the magnetic 
elements, such that when the indicator is subjected to 
a shock which exceeds a predetermined level, the 
substrate responds by fracturing along the at least one 
fault line thereby causing the one or more magnetic 
10 elements to fracture. 

7* A magnetic indicator as claimed in claim 1 or 6, 
wherein the indicator is arranged in proximity to a cap 
or seal, such that the substrate will fracture, thereby 
15 causing one or more of the overlying elements to 
fracture, when the cap or seal is opened- 

8 . A magnetic indicator as claimed in any preceding 
claim, wherein the substrate comprises a non-planar 

20 substrate, the magnetic elements being arranged on the 
substrate at different angles relative to the plane of 
the tag and wherein the substrate responds to the 
predetermined change in environmental conditions by 
altering its profile or shape, thereby altering the 

25 relative positions of the responses from the magnetic 
elements * 

9. A magnetic indicator as claimed in any preceding 
claim, wherein the substrate is arranged to absorb 

30 water or other chemical contaminants. 

10. A magnetic indicator as claimed in any preceding 
claim, wherein some or all of the magnetic elements are 
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arrange on the substrate such that the spacing between 
them represents a code. 

11. A magnetic indicator as claimed in claim 10, 
5 wherein the magnetic elements which serve to encode 

information are supported by carrier material which is 
not significantly affected by the change (s) in 
environmental conditions, 

10 12- A method of reading a magnetic indicator as claimed 
in any preceding claim, comprising i) subjecting the 
magnetic elements to a magnetic interrogation field 
comprising, in a given direction, a high saturating 
magnetic field region, contiguous with a zero magnetic 

15 field region, (ii) simultaneously applying a low 

amplitude ac magnetic field; (iii) causing relative 
movement between the magnetic interrogation field and 
the magnetic elements; and (iv) detecting harmonics of 
the applied ac field which are generated by the 

20 magnetic element as its magnetisation state is altered 
by passing through said zero magnetic field region. 

13. A method as claimed in claim 12, wherein the method 
is carried out by means of a single read head which 
25 generates a magnetic interrogation field having a 
centre line- 

14* A method of reading a magnetic indicator as claimed 
in claim 12, when applied to a magnetic indicator as 

30 claimed in claim 8, wherein the method is carried out 
by means of a first and second readhead, each readhead 
generating a magnetic field having a different centre 
line so as to allow for compensation in the error of 
the detected position of the elements on the non-planar 

35 substrate. 
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15- A magnetic indicator comprising a plurality of 
magnetic elements having remotely detectable properties 
arranged on a substrate, wherein the indicator is 
5 provided with a protective layer at least partially 
overlaying the magnetic elements, the layer being 
arranged so as to become worn away when exposed to 
frictional forces. 

10 16. A magnetic indicator substantially as herein 

described with reference to the accompanying drawings. 
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Fig. 1A 
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Fig. 2 
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Fig. 3B 
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Fig. 4 
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